












Cup	penalty	shoot-outs	and	 it	will	be	determined	 if	penalties	are	 taken	at	 random,	or	 if	a	
strategy	can	be	implemented	to	statistically	increase	a	team’s	chance	of	winning	a	penalty	



























































URUGUAY	 3	 3	 0	 0	 5	 9	
RUSSIA	 3	 2	 1	 0	 4	 6	
SAUDI	ARABIA	 3	 1	 2	 0	 -5	 3	




































	 1	 2	 3	 4	 5	 Total	
Team	A	 ✔ ✔	 ✔	 ✔	 ✔	 5	









	 1	 2	 3	 4	 5	 Total	
Team	A	 ✔ ✔	 ✔	 -	 -	 3	














	 1	 2	 3	 4	 5	 6	 7	 8	 Total	
Team	A	 ✔ ✔	 ✔	 ✖	 ✔	 ✔	 ✖	 ✔	 6	








































































No. matches that 
went to extra time 
No. matches that went 
to a penalty shoot-out 
1978 Argentina 16 1 1 0 
1982 Spain 24 3 1 1 
1986 Mexico 24 15 4 3 
1990 Italy 24 15 8 4 
1994 United States 24 15 4 3 
1998 France 32 15 4 3 
2002 Korea/Japan 32 15 5 2 
2006 Germany 32 15 6 4 
2010 South Africa 32 15 4 2 
2014 Brazil 32 15 8 4 
2018 Russia 32 15 5 4 













	 𝑃 𝑝𝑒𝑛𝑠 	𝑜𝑐𝑐𝑢𝑟𝑟𝑖𝑛𝑔 = 1 − (1 − 𝑝 𝑝𝑒𝑛𝑠 )5	
Equation 3.1		𝑃 𝑝𝑒𝑛𝑠 	𝑜𝑐𝑐𝑢𝑟𝑟𝑖𝑛𝑔 = 1 − 1 − 0.2158 5 = 0.62181234187827 
Equation 3.1	
Equation 3.1	shows	if	a	team	is	to	win	the	World	Cup,	there	is	a	62.18%	(rounded	to	2	d.p)	













































Bottom	Left	 31	 77	 68.26	
Bottom	Middle	 31	 11	 12.90	
Bottom	Right	 31	 44	 5.45	
Middle	Left	 31	 32	 0.03	
centre	 31	 11	 12.90	
Middle	Right	 31	 32	 0.03	
Top	Left	 31	 28	 0.29	
Top	Middle	 31	 20	 3.90	
Top	Right	 31	 24	 1.58	








Equation 3.2	χ? = (𝜊 − 𝑒)?𝑒  




Equation 3.3	𝑑. 𝑓 = 𝑛 − 1	
Equation 3.4	𝑑. 𝑓 = 9 − 1	
Equation 3.5	𝑑. 𝑓 = 8	
	
The	 critical	 value	 for	 a	 Chi-squared	 distribution	 at	 0.05	 confidence	 interval	 with	𝑑. 𝑓 = 8	
is	15.51.	[7]	
	























Top	 28	 20	 24	 72	 Top	 10.04%	 7.17%	 8.60%	 25.81%	
Middle	 32	 11	 32	 75	 Middle	 11.47%	 3.94%	 11.47%	 26.88%	
Bottom	 77	 11	 44	 132	 Bottom	 27.60%	 3.94%	 15.77%	 47.31%	


























Top	 24	 14	 20	 58	 Top	 12.24%	 7.14%	 10.20%	 29.59%	
Middle	 20	 9	 19	 48	 Middle	 10.20%	 4.59%	 9.69%	 24.49%	
Bottom	 50	 8	 32	 90	 Bottom	 25.51%	 4.08%	 16.33%	 45.92%	



















Top	 0	 0	 0	 0	 Top	 0.00%	 0.00%	 0.00%	 0.00%	
Middle	 10	 2	 11	 23	 Middle	 16.95%	 3.39%	 18.64%	 38.98%	
Bottom	 22	 3	 11	 36	 Bottom	 37.29%	 5.08%	 18.64%	 61.02%	
















Top	 4	 6	 4	 14	 Top	 16.67%	 25.00%	 16.67%	 58.33%	
Middle	 2	 0	 2	 4	 Middle	 8.33%	 0.00%	 8.33%	 16.67%	
Bottom	 5	 0	 1	 6	 Bottom	 20.83%	 0.00%	 4.17%	 25.00%	




















































































the	 least.	 As	mentioned	 before,	 these	 areas	 carry	 the	 highest	 risk	 of	 missing	 the	 target.	
However,	according	to	the	data,	 they	also	carry	the	highest	percentage	of	scoring.	Aiming	
towards	the	middle	(height)	and	bottom	may	be	technically	easier	for	the	shooter	-	the	same	
can	be	 said	 for	 the	goalkeeper.	The	 research	 suggests	 that	although	 it	 is	easier	 to	keep	a	
low/mid	 height	 shot	 on	 target,	 it	 is	 out-weighed	 by	 the	 easier	 save	 the	 keeper	 needs	 to	
produce	to	save	the	shot.	In	fact,	it	is	statistically	better	to	aim	at	the	top-left,	top-right	or	
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